The application of G r e e n 's function procedure for the problem of vibrational analysis, developed by D eW ames et a l . 1_4, and applied to the case of bent XY2 and p lanar XY3 type mole cules, has been successfully extended to the case of the molecules of various symmetries by R a m a sw a m y et a l . 5-10. The determ ination of W il s o n 's 'L' m atrix 11 from the vibrational isotopic data has been well established. The present investigation is aimed at the form ulation of the isotopic rules for the linear XYZ type molecules and their vibrational analysis by G r e e n 's function procedure. Further, the study of the molecules containing C = N and CS groups are of interest, in general, since the variation in the C = N or CS force constants, with different substituents may give us some inform ation about their bond character and other chemical behaviour.
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In the present study the potential energy constants and mean am plitudes of vibration of a few linear XYZ type molecules have been determined by the G r e e n 's function and partitioning techniques. The coriolis C-rules have also been determined. The ro ta tional distortion constants have also been calculated and the relationship between coriolis coupling con stant and rotational distortion constant have also been verified.
Isotopic rules for X Y Z type linear molecules
The basic approach to G r e e n 's function method is to construct the G r e e n's function for the un perturbed molecule which itself involves the dyna mics of the perturbed molecule. The vibrations of linear XYZ type molecules are classified as be longing to the representation T = 2 2 + -f cr where the frequencies (jox and to3 are classified as Z + spe cies and co2 as belonging to n species.
The various norm al coordinates (Q) and sym metry coordinates (external S E) are related through the mixing param eter (a) and can be written, as
Qi~ a Sf -t-Sf/j/l+a2,
and <?2 = S f ,
where the numerical suffixes to the Q's refer to the corresponding vibrations. The secular equation (eqn. 8 of reference 1) involving the G r e e n 's function of the unperturbed molecule is solved for the case of isotopic substitution. The various isotopic rules that have been formulated are given in Appendix I.
Potential energy constants and mean amplitudes of vibration
The potential energy constants (symmetrized force constants F ) and the symmetrized mean square amplitudes (J£) are evaluated from the rela tions 11,12,
where L -B A . The m atrix A is the mixing para meter m atrix and 'ZT = T M~l,i S where T, M, S have the same meaning as in 1. c. 3. The nonbonded mean amplitudes X -Z were calculated by the method of R a m a sw a m y et a l . 13. It is usual to choose the internal coordinates for the system under consideration as given by A r ( \ -Y ), A R ( Y -Z) and A & , where the basic assumption involved is that the stretching modes cox and co3 are independent of each other. As seen from the relation S = L Q (S being the internal symmetry coordinate m atrix ), the m atrix 'Z,' plays a very im portant roll in fixing the exact norm al modes of vi brations and consequently the exact set of force constants. It is seen from Table II , that the inter action constant /ß r is considerable even in the case of HCN where there may not be mixing between CH and CN stretching modes. This can be explained only on the basis of the values obtained for the off diagonal elements of the 'L' matrix. As has been pointed out by PEACOCK et a l . 14, such stretch-stretch behaviour as evidenced by the large values of the offdiagonal elements of the lL ' m atrix shows that there is nothing preventing m ixing between two stretching vibrations unless the force constant of the higher frequency vibration is much larger than that of the lower, when the higher frequency becomes relatively a pure vibration composed of the only one stretching mode 13 K . R a m a sw a m y , K . S a t h i a n a n d a n . and F . Having thus shown that there is always the pos sibility of mixing between the various modes, a 'clo sely coupled oscillator approxim ation' 16 model was envisaged, where we treat the two vibrations ac cording to the classification as symmetric and anti symmetric stretching modes. Using the second set of internal symmetry coordinates also, the force constants were evaluated. They are given in Table II along with the first set and a comparison made be tween the two sets.
Coriolis coupling constants and rotational distortion constants
M e a l and P o lo 30 gave the relation for the corio lis matrix in terms of the 1 matrix (the m atrix of transform ation between the norm al coordinates and the cartesian coordinates) as,
where a = (x , y , z ) denotes the axis of rotation and Ma is a block diagonal super matrix made up of n identical ( 3 x 3 ) submatrices, one for each atom. For the case of the linear XYZ type molecules, the nonvanishing I'-elements are, The coefficients a\ are related to the T m atrix elements as follows:
where a^, /?£ and represent the equilibrium car tesian coordinates and mk is the mass of the k th atom.
For linear molecules t zzzz = 0 and t xxxx = r yyyy , the molecule being oriented along the Z axis. Also / xx = / yy = / and l zz = 0. The rotational distortion constants D j then becomes
the calculated D j values are presented in Table IV. A relationship between the coriolis t constants and the a™ constants is also found to be obeyed, the relationship being, 0
s where s refers to the vibrations Q± and Q3 . A l ie v and A l e k s a n y a n 34 have shown that a re lationship exist between the rotational distortion constants and coriolis coupling constants in poly atomic molecules. In the case of linear molecules the relationship given by them is,
i j where B = 1/2 /. The relationship is verified for all the molecules studied here.
Results and D iscussion
The vibrational isotopic data utilised for the cal culations are given in Table I. Tables II and III give the values of the calculated potential energy constants and vibrational mean amplitudes for the linear XYZ type molecules. In Table I , the isotopic product rule for -T+ species has been indicated. As seen from force constants are, in general, in good agreement with the earlier results. However, it is actually ob served, that very high interaction exists between the H -C and C = N stretching vibrations, as seen from the / rR values in the first set, though the internal symmetry coordinates are taken such that, they re present the problem of 'the independent oscillator'. Such high interactions for the case of stretch-stretch problem has been proposed by P e a c o c k et a l . 14, as discussed in the earlier section. Sim ilar results have also been obtained earlier 16. The second set of inter nal symmetry coordinates give comparatively a lower value for / rR representing a possible mixing between the two vibrations. The values of the C = N force constant obtained as 16.617 mdynes/Ä and 16.621 mdynes/Ä in the iso-nitrile HNC can be ex plained on the basis of the different type of hybridi sation of the NH group in HNC as compared to the CH group in HCN which is responsible for the bond lengthening of the adjacent CN group by the lower ing of the V character or increase in the 'p ' charac ter of the same bond. The CH and NH values are also somewhat higher than the corresponding single bond values, showing a tendency towards a higher bond order. It is of interest to discuss the nature of the Chalogen bond and the CN bond in the Halogen cyanides. The C-Halogen force constants obtained in the linear Halogen cyanides in the present investiga tion are very high compared to the values of 3.085 mdynes/Ä for C -Cl, 2.412 mdynes/Ä for CBr and 1.687 mdynes/Ä for Cl for the carbon tetrahalides 17. The values obtained for the ratio / c -x / / c -x (X being the Halogen atom) as 1.608 (I) and 1.999 (II) for C -Cl; 1.645 (I) and 1.814 (II) for C -Br and 1.661 (I) and 1.813 (II) for C -I for the first (I) and second (II) set of internal sym metry coordinates, suggest C-Halogen bond tending towards the double bond value in the linear Halogen cyanides. Also according to the observations of G o r d y et a l .18, the C-Halogen distance in the Halo gen cyanides are appreciably shorter than those found for their corresponding distances in other halides. The triple bond character of CN bond in Halogen cyanides is found to diminish as the electronegativety of the substituent is increased in the order I < Br < Cl as is evident from the calculation of bond order using the CN distance for Halogen cyanides given by G o r d y et al. 18 by making use of P a u l in g 's re latio n 19. Taking the average /c^ value of 18.203 mdynes/Ä in HCN as unity, the ratios of the /cn in Halogen cyanides to that of the average HCN value are found to be 0.981 (I) and 0.843 (II) in C1CN, 0.953 (I) and 0.866 (II) in BrCN and 0.948 (I) and 0.870 (II) in ICN, which also suggests the decrease in the bond order of the C = N bond. Accordingly, it is possible to visualise a resonance between the electronic structures X® = C = N® and X -C = N (X being the halogen atom ). The resonance between the two structures will explain the double bond character of C-Halogen bond and the reduced bond order of C = N cor respondingly. This resonance is well evidenced by the decrease in the CN force constant, as the CHalogen force constant increases for the second set of coordinates.
The NN bond behaves in a abnorm al way. The values of the force constants of NN and DO bonds are such that there should be some sort of resonance between the two so that their bond order is in creased or decreased. The abnorm ality of the NN bond may be attributed to the strong repulsion of the unshared electron pairs of bonded atoms and of the electrons involved in the NO bond. Further Nitrous Oxide is not a mixture of tautomeric mole cules, since its symmetry is well established. As has been pointed out by P a u l i n g 19 the electronic struc ture of N20 can be explained satisfactorily on the basis of the resonance phenomenon between the dif ferent structures ( The first two involve the maximum number of covalent bonds and hence represent the most stable form. The structures, C, D and E form one or other form of the unstable structures, because of the elec tric charges or the smaller number of covalent bonds. Further the energy difference between A and B will be small. They also involve the same num ber of un paired electrons (Z ero), which correspond to about the same equilibrium configuration (linear) of the nucleii. Accordingly, we expect the normal state of the molecule to correspond to a resonance among the structures A and B, with little contribution from other structures which are less stable. The values ob tained for the force constants [/yx = 19.72 mdynes/ Ä (I) and 15.14 mdynes/Ä ( I I ) ; and fao = 11.16 mdynes/Ä (I) and 14.33 mdynes/Ä (II)] cor responding to NN and NO in the two sets are in accordance with the above contention; thus sup porting the resonance between the structures A and B with little contribution from other structures.
For the molecules containing CS group, it is pos sible to propose three structures, among which a re sonance equilibrium may be contended19. These we may write as, A: X = C = S; B: X® = C -S® and C: X -C = S. The CO and CS force constants in OCS were found to be /co = 15.95 mdynes/Ä and / cs = 7.53 mdynes/Ä by W e n t i n k 28. The sets of values obtained for CO and CS force constants in OCS [/co = 17.89 mdynes/Ä (I) and 17.81 mdynes/ Ä ( I I ) ; and /es = 6.24 mdynes/Ä (I) and 6.33 mdynes/Ä (II ) ] suggest the possible increase in the bond order of CO and hence a resonance between the structures A and B. The mean amplitudes of vibrations also exhibit similar tendency. However, it is of significance to note the possible multiplicity of solutions available for the secular equation, and hence different L matrices, of which use is made of that one particular solution which satisfies the dynamics of the molecule, which is reflected in the correct reproducibility of the molecular constants. This aspect of the problem with special reference to the method of G r e e n's function will be discussed in future. The borce constants obtained in the case of SCSe and SCTe are also found to show a slight deviation from those reported by W e n t ik 28 . How ever, it may be attributed to the resonance character of the XC and CS bonds in these XCS type linear molecules as in the case of carbonyl sulfide (OCS).
The mean amplitudes of vibration corresponding to bonded XY and YZ distances and that correspond ing to the XZ distance are, in general, in good agreement with the values reported by C y v i n 20 for these linear XYZ type molecules. As seen from Table IV 
